Historically, penetrating abdominal trauma was managed expectantly until the late 19 th century. In World War I, with the high mortality and morbidity associated with penetrating abdominal trauma, operative management replaced expectant management. It was soon realized that not all penetrating abdominal injuries required an operation. Since the 1960's, selective nonoperative management of stab wounds to the anterior abdomen has become the standard of care. However, gunshot wounds to the abdomen are still treated by mandatory exploration based on an allegedly high incidence of intraabdominal injuries and low rate of complications, if laparotomy turns out negative. A number of series have recently surfaced, reporting successful outcomes, while decreasing morbidity and hospital length of stay, with selective non-operative management of gunshot wounds to the abdomen. This review will address the current controversies surrounding selective nonoperative management of gunshot wounds to the abdomen and will present our experience and current approaches.
The treatment of penetrating wounds to the abdomen continues to evolve. In the first half of this century, routine laparotomy was performed on all patients with penetrating wounds of the abdomen. This was based on the assumption that the incidence of intra-abdominal injury was as high as 98 % (1, 2). In 1960, Shaftan (3) demonstrated that patients with intraperitoneal injury, following penetrating abdominal trauma, could be identified with a high degree of accuracy and the remainder of the patients could be managed safely by close observation. Though the majority of patients consisted of stab wounds, seve-ral patients with gunshot wounds were managed non-operatively. In 1974, Nance et al (4) found that selective observation of gunshot wounds could be safe and effective, while decreasing morbidity and hospital stay with no additional mortality. While selective nonoperative management of stab wounds gained popularity and became the standard of care, the management of gunshot wounds lagged far behind. Prospective studies involving selective management of gunshot wounds were lacking until Muckart et al (5) and Demetriades et al (6) published their results from South Africa. They both concluded that selective nonoperative management could be safely applied with no increase in morbidity and mortality, while decreasing the rate of negative or non-therapeutic laparotomy.
Mandatory exploration of all abdominal gunshot wounds has yielded negative laparotomy rates of 15-27 %. This high negative laparotomy rate was considered acceptable surgical practice because it was thought to be associated with a negligible increase in morbidity. Recently, this concept has been chal-lenged by a number of authors. Renz (7) demonstrated in a prospective study of 254 unnecessary laparotomies, that the complication rate was as high as 41 %. Most of the complications were attributed to associated injuries. However, even in the absence of injuries, a negative laparotomy was associated with a complication rate of 20 %. This translated into an extended hospital length of stay of 8 days (8). In this era of cost containment, avoiding unnecessary laparotomies would translate into a hospital savings of greater than 2 million dollars per year (9). With this in mind, selective nonoperative management of gunshot wounds has been advocated by a number of trauma centers (7, 9, 10), but still remains the exception rather than the rule.
We adhere to a principle of selective nonoperative management of gunshot wounds to the abdomen at the Los Angeles County and University of Southern California Medical Center, the largest level 1 trauma center in the country (about 7000 trauma admissions per year). We believe that clinical examination is a sensitive indicator of significant intra-abdominal injury and, therefore, selective management of evaluable patients is safe. We have 7 full-time trauma faculty who are on call in-house on a 24-hour basis, supervising all trauma admissions. Serial clinical examination in a dedicated monitored area constitutes the most significant aspect of selective nonoperative management.
INITIAL EVALUATION
Gunshot wounds to the abdomen can be divided into five discrete anatomical regions; anterior abdomen, back, buttocks, transpelvic and thoracoabdominal, all with different implications in terms of injury and management. The presentation of patients who sustain abdominal gunshot wounds can be separated into three distinct groups. The first group includes patients who present in cardiac arrest or near cardiac arrest. Though the mortality in these patients is higher than 90 %, prompt emergency department thoracotomy may lead to successful outcomes. The second group includes patients who present with severe hypotension or frank peritonitis. These patients require immediate exploratory laparotomy, usually without any investigations. A plain abdominal radiograph to locate missiles, or a trauma ultrasound as a confirmatory test for hemoperitoneum may be useful, provided they are immediately available and do not delay laparotomy. Once the decision has been made to go to the operating room, time becomes a critical factor. The third group consists of patients who present to the emergency room with hemodynamic stability and absence of diffuse abdominal tenderness. Such patients are candidates for selective nonoperative management.
Once the decision has been made to avoid an emergent laparotomy, the most important factor is close clinical examination. Clinical signs suggestive of intra-abdominal injury include diffuse tenderness, localized tenderness, hemodynamic instability, hematuria, hematemesis, blood on rectal exam, blood in the nasogastric tube, and diminished or absent lower extremity pulses. Although such signs may be absent on presentation, they may appear later. The diagnostic armamentarium for hemodynamically stable patients with gunshot wounds to the abdomen includes roentgenography of the chest and abdomen, emergency department focused abdominal sonography for trauma (FAST), helical computed tomographic scan (CT scan), rigid sigmoidoscopy, intravenous pyelogram, contrast cystogram and diagnostic laparoscopy. While these tests may be helpful, they should not take the place of a thorough physical exam.
Patients are observed carefully with serial abdominal examinations and are taken to the operating room for any deterioration of hemodynamic status, worsening of abdominal exam, or decrease in hemoglobin level. Patients who are heavily intoxicated, intubated, sedated, unconscious or have associated head or spinal cord injuries are considered to be unevaluable and have an intra-abdominal injury until proven otherwise. Selective nonoperative management has no role in these patients. Similarly, it is advisable to explore the abdomen in patients who undergo general anesthesia for other reasons (i.e. orthopedic procedures).
GUNSHOT WOUNDS TO THE ANTERIOR ABDOMEN
The anterior abdomen is defined as the area between the xiphoid and costal margins superiorly, the pubic symphysis and the inguinal ligaments inferiorly, and the midaxillary lines posteriorly. Traditional dogma has advocated routine surgical exploration of all patients with anterior abdominal gunshot wounds, regardless of the clinical status. Proponents have cited the high intra-abdominal rate of injury, nearly 98 %, whereas opponents have argued that a 25 % negative laparotomy rate with its associated elevated morbidity are reason enough for selective management. In a prospective study of 309 patients with anterior abdominal gunshot wounds from our institution, 92 patients (30 %) were successfully managed nonoperatively (11) . We found that 58 % of all patients or 75 % of those with peritoneal penetration had injuries severe enough to require surgical repair. The sensitivity of the initial examination was 97 %, despite the presence of alcohol or other illicit drugs in 76 %. More importantly, the nontherapeutic laparotomy rate was reduced to 10 %, with a corresponding reduction in morbidity as well.
With the emergence of the new generation helical CT scans, selective nonoperative management can be facilitated by demonstrating the presence or absence of intra-abdominal injuries. Hemodynamically stable patients can be screened by abdominal CT to determine intraperitoneal penetration. In a study of 83 patients with abdominal gunshot wounds, CT scan did not demonstrate peritoneal penetration in 53 (64 %), who were subsequently discharged within 24 hours without any missed injuries (12) . Perhaps a more useful role of CT is to delineate bullet traject-ory. In another study of 37 patients who sustained transabdominal gunshot wounds, the CT scan demonstrated an intraperitoneal trajectory in 17 patients, 8 of whom were successfully managed nonoperatively (13) . We utilize the helical CT scan to delineate bullet trajectory for all hemodynamically stable patients suspicious for having intra-abdominal penetration. Nonbleeding solid organ injuries are managed nonoperatively, while solid viscus injuries are explored and repaired accordingly. We utilize angiographic embolization in cases of isolated liver, kidney, or splenic injuries with evidence of bleeding in selected cases (14) . Many centers advocate the use of the DPL and the FAST exam. We feel that the DPL plays no role in penetrating trauma. The FAST may be used only in the appropriate clinical setting, but its utility in penetrating abdominal trauma is still unknown. A positive or negative FAST in penetrating trauma should not be used as the only indication for operative exploration.
We believe that in the appropriate clinical setting, abdominal gunshot wounds should be managed like knife wounds. A selective nonoperative management based on serial clinical examinations and helical CT scan is safe and efficacious. Our current protocol is summarized in Fig. 1 .
GUNSHOT WOUNDS TO THE BACK
The back is defined as the body area confined between the tips of the scapula superiorly, the midaxillary lines laterally, and the gluteal folds inferiorly.
Theoretically, with the vertebral spine and thick muscles of the back offering better protection than the anterior abdominal wall, penetrating injuries to the back should be regarded as separate from anterior abdominal injuries. But traditionally, they have been managed under the same principles as penetrating anterior abdominal injuries; selective management for stab wounds and mandatory laparotomy for gunshot wounds. Even among supporters of selective observation, gunshot wounds to the back are thought to require routine exploration, as retroperitoneal injuries may not manifest clinical symptoms upon presentation, and delayed diagnosis may lead to significant morbidity.
Following the success of selective nonoperative management for anterior abdominal gunshot wounds, we have applied this concept to virtually all types of penetrating trauma. Gunshot wounds to the back represent only a small percentage of all penetrating posterior injuries and an even smaller percentage of all gunshot wounds. In a series of 192 patients who sustained gunshot wounds to the back from our center, we managed nonoperatively 127 (66 %) patients with success (15) . The incidence of significant intra-abdominal injuries was only 30 % and the clinical examination carried a sensitivity of 100 %. More importantly, there were no missed injuries, no morbidity from delayed operations and the incidence of nontherapeutic laparotomy was 4 %.
All hemodynamically stable patients with posterior gunshot wounds are assessed clinically for signs of intra-abdominal injury. In the absence of peritoni- tis, all patients receive a helical CT scan to assess for retroperitoneal injury. If no injury is present, patients are discharged home after a reasonable period of observation, usually 24 hours. Patients are taken to the operating room for changes in physical exam, hemodynamic status, or hemoglobin level. With isolated liver or kidney injuries, angiographic embolization is utilized quite liberally.
GUNSHOT WOUNDS TO THE BUTTOCKS
The buttocks is defined as the body area confined between the posterior superior iliac spines superiorly, the gluteal folds inferiorly, and the projection of the midaxillary lines laterally. Although local adipose tissue and muscle may act as a protective shield, significant intra-abdominal injury may occur. Organs such as the rectum, bladder and ureters are at particular risk, which may not manifest clinically upon presentation. A policy of routine exploration is advocated by many. We feel strongly, that selective management can be safely applied to almost all body regions. In a series of 59 patients with gluteal gunshot wounds from our center, 40 (68 %) were successfully managed nonoperatively (16) . The sensitivity of physical exam was 100 %, implying that it is an excellent predictor for the need for abdominal exploration. Relying on physical exam alone produced no missed injuries.
The use of other tests such as rigid sigmoidoscopy, CT scan, intravenous pyelography may be helpful in selected cases, but does not always provide added information beyond physical exam alone. In our series, sigmoidoscopy reconfirmed the clinical findings or localized more accurately the injury, without leading to changes in management. Therefore, hemodynamically stable patients with gunshot wounds to the buttocks are triaged according to the physical exam. If no injury is suspected by physical exam, CT scan and sigmoidoscopy may be performed in the appropriate setting. Patients are then discharged home after an observation period of approximately 24 hours.
TRANSPELVIC GUNSHOT WOUNDS
Transpelvic wounds are defined as a missile trajectory between the iliac crest and the perineum. Penetrating wounds that traverse this region provide a serious challenge in management. The complex pelvic anatomy, combined with the retroperitoneal and extraperitoneal location of its structures, make the evaluation of this region quite difficult. Gunshot wounds in this area are thought to have a high likelihood of serious abdominal injury, therefore a policy of mandatory exploration has been advocated by many. We believe that a carefully performed physical exam is the cornerstone to the management of gunshot wounds to this area. Based on clinical findings, patients can be appropriately triaged to either operation or close observation. In a series of 37 pa-tients with transpelvic gunshot wounds from our center, 15 (40 %) were successfully managed nonoperatively with no missed injuries or morbidity from delayed operations (17) . Significant injuries were identified in 43 %, and the nontherapeutic laparotomy rate was 17 %. The clinical exam carried a sensitivity of 100 %. Additional diagnostic tests such as sigmoidoscopy, cystography, intravenous pyelography and CT scan may be helpful in confirming the presence or absence of injuries, but infrequently changes decisions made based upon clinical examination.
All evaluable, hemodynamically stable patients with transpelvic gunshot wounds are triaged according to the physical exam. If an indication for operation is absent, patients are observed for a period of approximately 24 hours during which additional tests such as sigmoidoscopy and CT scan may be performed.
THORACOABDOMINAL GUNSHOT WOUNDS
The thoracoabdominal region is bounded by the nipples superiorly, costal margins inferiorly, and bilateral midaxillary lines. Penetrating thoracoabdominal wounds provide a serious challenge to the trauma surgeon as they imply potential injuries to either the chest, the abdomen or both. Besides identifying the need for operation, the dilemma is which body cavity should be explored. If both cavities require exploration, the sequence in which they are explored becomes a critical decision. Thoracoabdominal injuries traditionally have a high negative laparotomy rate and often, incorrect sequencing occurs.
This has prompted many to consider selective nonoperative management in the hemodynamically stable patient without peritonitis. In a prospective study of 32 patients with right thoracoabdominal gunshot wounds, 13 (41 %) were successfully managed nonoperatively (18) . Seven of the 13 patients sustained liver injuries that did not need further management. The authors concluded that nonoperative management is appropriate in this group of patients, and that most will have an injury to the right lung and liver. At our center, patients who sustain right sided thoracoabdominal gunshot wounds with no evidence of hemodynamic instability or peritonitis will have a tube thoracostomy placed, if indicated, then undergo helical CT scan of the chest and abdomen. These patients are then observed in a closely monitored area. Patients with evidence of hemorrhage from the liver not producing gross hemodynamic changes undergo angiographic embolization for bleeding control. Unsuccessful embolization, hemodynamic deterioration, or changes in the physical exam warrant prompt surgical exploration.
Injuries to the left thoracoabdomen are managed slightly different. Patients without signs of peritonitis or hemodynamic instability are observed in a closely monitored area. Helical CT scans are performed, if indicated, to rule out splenic or retroperitoneal injuries. These patients are then taken to the operating room for diagnostic laparoscopy to evalu-ate for diaphragmatic injury. Gunshot wounds to the left thoracoabdomen are associated with a 60 % incidence of diaphragmatic injury (19) . If an injury is found, they are usually repaired laparoscopically.
CONCLUSION
In summary, gunshot wounds to the anterior and posterior abdomen can be safely managed nonoperatively. In the absence of abdominal tenderness, hemodynamic instability, or factors clouding the abdominal exam (head injury, spinal cord injury, heavy intoxication, anesthesia for other operations), such patients can be selected for careful observation. The key to successful selective nonoperative management is continuous monitoring and frequent clinical examination by physicians familiar with trauma. Diagnostic tests can be ordered as indicated, but clinical examination is the most accurate tool to identify patients requiring an operation or not. By a policy of selective nonoperative management, the negative laparotomy rate can be reduced to approximately 10 % and the length of hospital stay and cost can be significantly decreased.
